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ABSTRACT

Toxic metabolites (‘Toxins’), produced by Helminthosporium sativum causing leaf blotch in barley and root
rot in barley and wheat were partially purified through C-18 column. The partially purified toxins appeared
heat unstable and lipophilic. The responses of toxins to wheat and barley root corresponded with those to
lettuce growth with the different concentrations. The determination of the concentration of toxins produced
was developed using the dilution end-points. The equation [Y = a log X + b] was obtained from the semi-log:

graphy with the linear analysis. The values ‘a’ and ‘b’ were discussed with the responses of several plants on the

toxin produced by H. sativum,
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INTRODUCTION

Several different terms (selective or non-selective
toxin) related to the concept of toxins have been
employed for different responses to toxins in the
host plants (3, 5, 12, 14). Scheffer (13, 14) and
Daly (2, 3) used the terms, “host specific toxin”,
whereas wheeler (16) employed the term, “host
selective toxin”, However, their terms expressed
for Helminthosporium toxins seemed to be appli-
cable to the same interaction between Helmin-
thosporium species and their host plants, but
not for diseases caused by the pathogen.

Considerable discussion of the terminology of
plant toxins have continued (3, 12, 13, 14), but
the practical aspects for plant toxins have rarely
been discussed. Wheeler (16) employed the term,
“dilution end-point” for the expression of toxin
concentration or plant toxicity (host selective
toxin) in Helminthosporium oat blight. The method
to measure the toxin concentration and phytotoxi-
city in the interaction have not been clearly dis-
cussed.

Our objective was to estimate the dilution end-
points as accurately as possible and phytotoxicity
of /. sativum toxic metabolites (referred ‘“‘toxins)
for the host crop species. The toxins referred here
and obtained from /. sativurn was not defined as

host-selective toxins.

MATERIALS AND METHODS

H. sativum P. K. & B. isolate R002 was obtained
from the common root rots in diseased plants in
the North Dakota wheat fields, and its pathogeni-
city evaluated under standard conditions (4, 6).
The toxins was prepared from shake cultures as
the previously described (8). Lettuce seeds (Lactuca
sativa L. light sensitive, Carolina Biological Supply
Co., Burlington, NC) were surface disinfested in
30% H,0, for 2 min, followed by 2 or 3 rinses of
sterile distilled water, Seeds were placed on the

water agar in petri dishes at 22-25C under the

fluorescent lights for 24 hrs to germinate. For
each bioassay plate, ten lettuce seedlings of uniform
length (4 or 5 mm) were selected and placed on two
percent water agar in petri dishes and floodes with
two ml of culture filtrate, After three days’ incuba-
tion at 25 C, the root lengths of them were mea-
sured.

The dilutions of culture filtrate with the steri-
lized culture broth or the dilution of C-18 column
prepared toxins with the distilled water was con-
ducted for evaluation of toxicity. Wheat (Triticum
aestivum L. cv. Thatcher and Calvin) and barley
(Hordeum vulgare L. cv. Larker and Dickson)
lines were employed for this experiment (4). All
seeds were surface-sterilized and washed by the
lettuce method previously described, Seeds (barley
or wheat) having 6-10mm roots were carefully
placed on the test tube under the microhood. Roots
were carefully examined under the microscope for
symptoms. These symptoms shown in Figure 1
were consistent with others (1, 4, 9). All experi-
ments shown in this paper were done, as based on
the root growths resulted from these symptoms
shown in Figure 1,

The culture filtrate was extracted using soild
phase extraction column (I ml) composed of
octadecy! silane bonded to silica (Baker disposable
extraction column 7020-1, C-18). The detailed

procedures for toxin extraction was described in the

Fig. 1. The lettuce seedlings grown at 25 C for 3
days in toxin solution and the dark areas
in roots indicating the damages from H.
sativum producing toxins.
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manual of commercial products. Twenty to 25 ml
‘of culture filtrate was passed through the C-18
column, collected, dried at 40 C under mild vaccum
and com'pared with the original culture filtrate for
activity in the plant root responses. The toxins
were disolved in methanol, diluted with the di-
stilled water to reach a concentration of 0.5%,
and used in plant bioassays. Lettuce root growth
responses were plotted at the 2,560 dilution rates
(15).

RESULTS

Root growth responses (inhibition) in lettuce
was linear with the log of the toxin concentration
after serial dilugon to 1:2,560 (R*= 0.99 and 0.98
for the culture filtrate and C-18 purified toxin,

respectively). The toxin response rate (the slope of

purified or culture filtrate toxins vs. the dilution) -

was different from each other. Figure 2 shows the
lettuce root response to H, sativum toxin before and
after passing the culture filtrate through the C-18
column. The C-18 column retained 97% of toxin
activity based on dilution “end-points (1:1,568
or 1:1,522 for culture filtrate or purified toxin,
respectively). The toxicity of the culture filtrate
disappeared after autoclaving it at 126 C for 10
min,

Root growth responses of barley and wheat

seedlings to different concentrations of C-18 co-
lumn-purified toxins were measured (Table 1).
The effects of the purified toxin on different spe-
cies were similar, All showed the log-linear response
to concentration. The R? values on log-linear regre-
ssions were highly significant. The toxins produced
by H. sativum killed the cells located at the meri-
stematic tissues in the roots of three crop species
and stimulated the development of the lateral
(branched) roots in lettuce. In the 3 days of obser-
vation, the lateral roots were also killed. The toxin
affected root growth only in the three different
plant species, but did not kill coleoptiles. The crop
root growth of Dickson or Thatcher, known to be
the resistant, was more sensitive to toxin concen-
tration than was Larker or Calvin, but the toxicity
of two barley lines appeared different from each
other, These results indicated that the resistant lines
showed higher values in dilution end-points, whereas
they showed lower values in phytotoxiity (Table
.

DISCUSSION

The linear responses for log of toxin concentra-
tions in lettuce were consistent with the results
of Davis and Christ (1, 4). Figure 2 indicated that
toxin(s) produced by H. sarivum was recovered

at a high rate (97%) by the C-18 column. The results

Table 1. Wheat, lettuce and barley responses for C-18 column prepared f/elminthosporium sativum toxin®

Plant root length responses at 25 C for 3 daysb

Y=a(LogX)+b Dilution
Crops a b R? (df) Toxicity, %° end-point?
Lettuce 322 .880 .98 (5) 72.8 1:1522
Wheats Thatcher .861 1.870 98 (3) 71.1 1:206.6
Calvin .981 1.750 98 (3) 72.1 1:172.3
Barleys Larker .869 1.207 .99 (3) 73.5 1:48.6
Dickson 785 1.568 .96 (3) 66.8 1:56.1

2The C. sativus toxin was prepared from C-18 column extraction and applied to the plant as the 2 ml culture

filtrate equivalent.

YThe units of Y, a'and b in the equation were cm, per cm and cm, respectively.
“Toxicity, percentage, was calculated as the value of 100 X (root length in the water (rlw) - root length in dilu-

tion 1) / riw.

4Dilution end-point was the X values when Y = root length in the the water (rlw).
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Fig. 2. The dilution end-points and pathotoxici-
ties of toxic metabolies treated. The dilu-
tions was made with sterile distilled water
" or culture broth. Culture filterate eluent,
Y = .502 Log (Dilution = X) + 1.832 (R?
= 0.97, df = 1). MeOH eluent (C-18 treat-
ment), Y = .322 Log X + 0.880 (R? =0.98,
df = 5). Original culture filtrate, Y = .495
Log X + 0.798 (R? = 0.99, df = 5). A=
MeOH control. B = Water control. C =
Sterile culture broth.

of the purified toxins shown in Table 1 were similar
to those experiments on wheat seedlings using
culture filtrates (4). Harding (7) and Ludwig (9)
measured the total seedling length (root plus coleop-
tile) of wheat and barley when they were immersed
in culture filtrates. Their results were also supported
by our results in root length responses in wheat
and barley. The lettuce growth technique is consis-
tent with the results of barley and wheat and is
simple and easy to use when A, sativum toxins
was applied.

Since the C-18 column retained only hydrop-

hobic compounds, it eliminated other possible
plant inhibiting compounds such as asparagine (4)
or organic acids (10, 11), Preliminary studies sugge-
sted that the toxin produced by £, sativum was a
hydrophobic and heat unstable compound.

Several terms should be defined: phytotoxicity,
dilution end-points, and phytotoxin response, to

understand the phytotoxin behavior’because the

plant responses for toxins are not linearly related
to the concentration of phytotoxin. The values
determined in the early works were confusing and
difficult to compare with other data. The deter-
mination of these values was not clear and inade-
quate in the experimental methods.

The phytotoxicity should be related to the
plant response at the given toxin concentration,
but it is not related to the concentration of the
toxin. So, it should be employed for comparison of
plants or different lines of plants at the given con-
centration. The dilution end-points should be rela-
ted to the toxin concentration or amounts at the
given test plants, and it is also related to phytotoxi-
city. So, the dilution end-points should be applied
to the comparison of toxin production by different
fungal isolates within a species. The following ma-

thematic equation was derived from Figure 2:
Y=alogX+b

Y is the plant response at the given dilution rate,

X. "*a” and “‘b” values should be calculated from the
statistical analysis. The dilution end-point, XpEX,
would be calculated from the control root response,
YDEP, without any detailed dilution experiments.
Also, phytotoxicity was’ calculated when X = |,
The two values of culture filtrate and purified toxin
of H. sativum were not real values at the original
culture and purified toxin because the toxin at the
original solution was too toxic to measure. So, Yo
( = b), the plant reponse in the original toxin solu-
tion (when x = 1), was accurately estimated from
the statistical analysis. Phytotoxicity (Pt) should
be defined as following:

Pt=(YDEP — Yo)/ Yo or
Pt =(a / YDEP) Log ( XDEP / Xo)

Here, XDEP and Pt should be a variable of the

plapts, such as lettuce, two malting barleys, and
'wheat. In other words, the phytotoxin response,
a/YDEP, should be specific for the interaction
between the plant and the toxin, and should be
defined. Therefore, XDEP value have often been

employed for the specific phytotoxin in disease
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caused H. victoria
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